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L-arginine, given following L-NAME, reduced the trans-collateral pressure
gradient and resistance. We conclude that EDRF (nitric oxide) exerts a sub-
stantial tonic vasodilating effect in coronary collaterals. Disease-induced al-
terations in endothelial function may compromise collateral perfusion.
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Adriamycin May Impair Vascular Smooth Muscle
Relaxation via a Nitric Oxide-Related Mechanism
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Maurizio Cappelli-Sigazz;, Giuseppe Ambrosio, Carmine Battaglia, Antonello
D'Andrea, Massimo Chiariello. Division of Cardiology, University ofNaples, Italy
The free radical-dependent cardiac toxicity of adriamycin (ADR) is well
known. Recently we observed that ADR is also able to affect vascular func-
tion, reducing endothelium-dependent relaxation. Moreover, endothelium-
independent relaxation to nitroglycerin (NTG) was also impaired. Therefore,
we wanted to investigate the mechanism through which ADR induces im-
pairment of vascular smooth muscle function. In isolated rings of rabbit tho-
racic aorta preconstricted with 1 JLM phenylephrine, maximal relaxation to
NTG was decreased after 1 h incubation with ADR is a dose-dependent man-
ner. In 6 experiments relaxation to NTG was 103 ± 3% in control rings, and
was reduced to 97 ± 5% (p = NS), 85 ± 8 (p = NS) and 77 ± 8% (p < 0.05)
in presence of 30 JLM, 90 M and 150 JLM ADR. As a consequence, ED50 in-
creased from -7.93 ± 0.11 Log Mol NTG in controls to -7.81 ± 0.11 (p =
NS). -7.20 ± 0.15 (p < 0.05) and -6.99 ± 0.25 Log Mol NTG (p < 0.01 ) with
increasing concentrations of ADR. Similar results were observed with two
other endothelium-independent vasodilators, SIN-l (which activates guany-
late cyclase) and isoproterenol (which activates adenylate cyclase). However,
the inhibitory effect of ADR on NTG relaxation was much less pronounced
if ehdothelium was absent. In fact, in denuded rings control maximal relax-
ation to NTG was 101 ± 3% and after 150 JLM ADR it was 89 ± 4% (n = 6;
P = NS). with no significant changes in EDso. Furthermore, when nitric ox-
ide synthesis in rings with endothelium was inhibited by 300 JLM L-NAME,
maximal relaxation to NTG was not significantly affected, being 100 ± 2%
before and 85 ± 4% after 150 JLM ADR incubation (n = 6; p = NS).
Thus, ADR may acutely impair smooth muscle relaxation. This impairment
is dependent on the presence of normal endothelium. Formation of toxic
peroxynitrite, via interaction of nitric oxide with ADR-formed free radicals,
might mediate this phenomenon.
Factors of Acute Ischemia Increase
Ca2+-Activated K+ Currents in Cultured Human
Endothelial Cells
Jelin Pu, Johannes Wiecha, Johannes Waltenberger, Ulrike Mayr, Peter Weismuller,
Matthias Kochs, Vinzenz Hombach. Dept. of Cardiology, University of Ulm, Germany
Ca2+-activated K+ channels (KCa) in endothelial cells and their response to
some pharmacological agents are well known. However, the regulative func-
tion of these channels on transmembrane potential under ischemic condi-
tions is still obscure. Therefore, we examine the effects of some ischemic
factors on KCa channels in cultured human umbilical vein endothelial cells
(HUVEC) by means of the patch-clamp technique. In whole-cell recordings
Itest potentials: -60 mV to + 100 mV) the perfusion with an artificial ("is-
chemic") Tyrode solution (pH = 6.8; p02 = 45 mmHg, glucose-free) of HU-
VEC caused a significant increase of an outward current in the voltage range
of +40 mV to + 100 mV (P < 0.05; n = 15; Fig. 1: IN-relationship, mean val-
ues; Fig. 2: sample of recordings). These currents were completely blOCked
by extracellular tetraethylammonium (TEA: 0.5 mM). whereas glibenclamide
(10 JLM) had no effect. In cell-attached patches (140 mM K+ pipette solution)
KCa channels were characterized by their typical voltage dependence, their
block by TEA and a single-channel slope conduction of 215 pS (±5.17 pS; n
= 10). Superfusion of HUVEC with the artificial solution caused a significant
increase in the open-state probability NPo (N: channels in the patch) of KCa
channels from 0.0141 ± 0.0056 to 0.0377 ± 0.Q119 at +80 mV (p < 0.05:
n = 6) and 0.0645 ± 0.0221 to 0.1599 ± 0.0485 at + 100 mV (p < 0.05; n
= 7)(Fig. 3: sample of KCa recordings). Single channel conductance was not
found to be changed. We conclude that the KCa channel in endothelial cells is
ished by pertussis toxin, was not significantly impaired by IRI. These findings
demonstrate that the early endothelial dysfunction after IRI is transient and
not evident 4 weeks after reperfusion, and in contrast to the regenerated
endothelium of porcine coronary arteries, the endothelial pertussis toxin-
sensitive G protein function is not impaired by IRI.
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L-NAME (Mean ± SEM)
113 ± 51'
47 ± 28
66 ± 5.S'
1.05± 0.18
75 ± 15'
Control (Mean ± SEM)
90 ± 4.1
58 ± 6.6
32 ± 3.3
141 ± 0.06
23 ± 28
Ischemia-Reperfusion Injury Impairs
Endothelium-Dependent Relaxations Acutely, but
not Chronically, and does not Affect Endothelial
Pertussis Toxin-Sensitive G Protein Function In
Canine Coronary Arteries
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Endothelial-derived Relaxing Factor (Nitric Oxide)
Has a Tonic Vasodilating Action on Coronary
Collateral Vessels
Michael W. Frank, Kathleen R. Harris, KaLee A. Ahlin, Debra Quinn, Francis
J. Klocke. Feinberg Cardiovascular Research Instliute, Northwestern U Medical School,
Chicago,IL
Although coronary collateral vessels are known to react to several vasoac-
tive agents, the role of endothelial-derived relaxing factor (EDRF) i unclear.
Accordingly, the effects of NW-nitro-L-arginine methyl ester (L-NAME), an
agent blocking synthesis of nitric oxide, have been examined in six con-
scious chronically instrumented dogs. Coronary collaterals were induced in
the left circumflex (LC) bed by either ameroid implantation or the repeated
brief occlusion technique of Franklin. With the native LC artery occluded,
LC pressure distal to the occlusion and flow in the LC bed were measured
with a chronically implanted LC catheter and systemically administered mi-
crospheres before and after left atrial infusion of L-NAME (10 mglkg):
Aortic Pressure (mm Hg)
LC Pressure (mmHg)
Aortic-LC Gradient (mmHg)
LC Flow (mllmin/g)
Collateral Resistance
(Aortic-LC GradientiLC Flow}
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John J. Lee, Leopoldo Olmos, Paul M. Vanhoutte 1. Division of Cardiology,
Cedars-Sinai Medical Center, Los Angeles, CA; 1 I.R.I.S., Paris, France
While the acute endothelial dysfunction after ischemia-reperfusion injury (IRI)
has been studied extensively, little is known about the chronic status of the
reperfused coronary endothelium. Also, the effect of IRion endothelial per-
tussis toxin-sensitive G protein function is unknown. Using heartworm-free
mongrel dogs, percutaneous balloon catheters were used to occlude the left
anterior descending coronary artery for 1 hr. The arteries were then reper-
fused slOWly over 15-20 min to mimick the gradual reperfusion seen with
thrombolytic therapy. This is in contrast to previous studies where reperfu-
sion was sudden due to the use of clamps or snares to occlude the artery.
After 1 hr (n = 6) or 4 weeks (n = 7) of reperfusion, the coronary arteries
were dissected and suspended in organ chambers. Left circumflex coro-
nary arteries, not exposed to IRI, from the same dogs were studied in par-
allel as controls. Endothelium-independent relaxations to the direct vascular
smooth muscle dilators SIN-l and lemakalim were unaffected by IRI. The
endothelium-dependent relaxations to serotonin, thrombin, and ADP were
significantly impaired 1 hr, but not 4 weeks, after IRI. The endothelium-
dependent relaxation to serotonin was significantly inhibited by pertussis
toxin (100 ng/ml). The endothelium-dependent relaxations to acetylcholine,
bradykinin, and A23187 were unaffected by IRI either acutely or chronically.
The endothelium-dependent relaxation to UK14304, which was nearly abol-
flow (CSF) because of its rapid degradation. To test if an intravenous ATP ad-
ministration is timely degraded to adenosine at the heart, we measured CSF
of the left anterior descending coronary artery and coronary arteriovenous
differences of adenosine concentration (Ado) in the canine hearts. Infusions
of ATP (5, 10, 20, and 40 JLg/kg/min) into the systemic vein increased Ado
from 7 ± 4 to 19 ± 7, 38 ± 7, 68 ± 11 and 112 ± 15 pmollml, although
ATP. ADP and AMP concentrations in the coronary venous blood were not
increased. An intravenous infusions of ATP increased CSF from 93 ± 5 to
127 ± 6, 149 ± 5, 168 ± 78 and 195 ± 6 mill 00 g/min, which was blunted by
8-sulfophenyltheophylline. Aortic pressure was decreased by 12 ± 5 mmHg
from 107 ± 5 mmHg during 40 JLglkg/min of ATP infusion. During ischemia
due to reduction of perfusion pressure by 56 ± 4%, an intravenous infu-
sion of 40 JLg/kg/min of ATP increased CSF (56 ± 3 to 66 ± 5 mill 00 g/min)
with increased fractional shortening (9 ± 2 vs 14 ± 3) and lactate extraction
ratio (-34 ± 5 vs. -17 ± 6%). We conclude that an intravenous administra-
tion of ATP can elevate myocardial adenosine levels, and improve myocardial
contractile and metabolic function in the ischemic heart. Intravenous ATP ad-
ministration may be promising for cardioprotection in the patients with acute
ischemic heart diseases.
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